The outbreak of SARS-CoV 2, a new coronavirus, has rapidly spread worldwide since the end of 2019, affecting most European countries in March 2020, with Italy, Spain and France being the most severely affected to date. This viral infection is responsible for a respiratory disease, corona virus disease 19 (COVID-19), that can be very severe.Fig. 1Axial and sagittal thin-sections showing bilateral pure ground glass in the sub pleural portion of both lower lobes, at presentation, in a 71-year-old woman with cough and fever for 5 days (**a**, **c**). Evolution 6 days later with linear consolidation typical for organizing pneumonia pattern (**b**, **d**)Fig. 2Typical findings of COVID-19 pneumonia in CT Ground glass opacities in large area (**a**) or nodular (**b**). Consolidation focal (**c**) or linear (**d**). Crazy paving pattern (**e**)Fig. 3Subpleural predominance (**a**-**c**)Fig. 4Disease extent mild (**a**), moderate (**b**), severe (**c**)Fig. 5CT features suggesting other diagnoses. Mucoid impactions (**a**), tree-in-bud (**b**), centrilobular nodules (**c**), septal lines (**d**), segmental consolidation (**e**)

While confirmation of the diagnosis relies on the identification of viral RNA by the reverse-transcription polymerase chain reaction (RT-PCR), variability in the processing of swabs may delay results. In such a setting, another solution with sufficient accuracy is needed to guide the quick management of patients presenting to hospitals during this pandemic. Radiologists can help in this task by identifying and characterising pulmonary involvement of COVID-19 \[[@CR1]\]. Despite the non-specific findings of diffuse alveolar damage and the variable extent of organizing pneumonia that are generally seen in viral infections, the specific nature of this pandemic makes imaging a good and accurate tool to stratify patients selected from first-line clinical triage. Additionally, a large series based on 1,014 Chinese patients reported a higher sensitivity for chest computed tomography (CT) compared to RT-PCR, with a mean interval time between the initial negative to positive RT-PCR results of 5.1 ± 1.5 days \[[@CR2]\].

Which imaging techniques can be used when COVID-19 pneumonia is suspected, and in COVID-proven patients? {#Sec1}
========================================================================================================

Chest radiography is not sensitive for the detection of ground glass opacities, which are the main imaging features of COVID-19 pneumonia. It should not be used as the first-line technique and should be restricted to the follow-up of patients admitted to intensive care units, who are too fragile to be sent for CT.

Chest ultrasound does not allow differentiation between bacterial and viral pneumoniae, nor between pulmonary oedema and infection. Ultrasound is used at the bedside to diagnose complications such as a pneumothorax under mechanical ventilation or pleural effusions and can help in adjusting mechanical ventilation or monitoring pulmonary fluid load.

Ultrasound use for other organs should be limited to indications where it is likely to be definitive in its findings. If US is unlikely to be diagnostic, CT should be preferred (even in circumstances where US might be used first in ordinary circumstances), to minimise staff exposure. CT use must be balanced by the knowledge that those staff engaged in patient transportation to the CT unit may be exposed, and must be protected. Where US is appropriate and needed (e.g. pregnant women, children, ICU patients), it should ideally be performed at the bedside, to avoid patient transport and consequent staff exposure.

What are the main CT features of COVID-19? {#Sec2}
==========================================

In the early phase of the disease, CT typically shows bilateral ground glass opacities, with a predominantly peripheral, subpleural location \[[@CR3]--[@CR5]\]. These opacities can be quite extensive in the sub-pleural areas (Figs. [1a](#Fig1){ref-type="fig"}, [c](#Fig1){ref-type="fig"}, [2a](#Fig2){ref-type="fig"} and [3](#Fig3){ref-type="fig"}) or may be more focal, with a rounded shape (Fig [2b](#Fig2){ref-type="fig"}). Intralobular reticulations can be seen superimposed on the ground glass opacities, resulting in a crazy-paving pattern (Fig. [2e](#Fig2){ref-type="fig"}) which is usually associated with a more severe stage of the disease. Patients evaluated several days after the beginning of symptoms can present with linear consolidation (Figs. [1b](#Fig1){ref-type="fig"}, [d](#Fig1){ref-type="fig"} and [2d](#Fig2){ref-type="fig"}) or areas with reverse halo appearances, both suggesting organizing pneumonia, which is a common reaction to lung injury \[[@CR6]\]. Extensive consolidation is associated with a poorer prognosis in older patients (Fig [4c](#Fig4){ref-type="fig"}).

Significantly, mucoid impactions, centrilobular nodules, lobar consolidation, lymphadenopathy or significant pleural effusions (Fig. [5](#Fig5){ref-type="fig"}) are infrequently seen in COVID-19. Consequently, these findings suggest alternative diagnoses or complications such as super-added bacterial infection or heart failure.

It is important to be aware that chest CT has been reported to demonstrate no abnormalities in the first 3 days of symptoms (day 0 -- day 2) in 56% of patients \[[@CR7]\]. Conversely, patients without symptoms may show abnormal findings on CT (albeit with fewer lung segments involved than in symptomatic patients) \[[@CR8]\].

Who should benefit from CT and what information can be obtained? {#Sec3}
================================================================

CT should not be performed as a screening test in patients with mild or no symptoms. It is indicated after the clinical evaluation of patients with respiratory symptoms such as dyspnoea and desaturation, the degree of severity justifying investigation being left to clinical judgement and depending on local resources. CT may also be helpful in patients with milder symptoms who have co-morbidities, such as diabetes, obesity, chronic respiratory disease, etc. It is important to note that although the CT findings of COVID-19 are characteristic, the final diagnosis requires a positive RT-PCR test.

In the case of an initially negative RT-PCR and CT changes highly suggestive of COVID-19, the RT-PCR should be repeated to determine if it had been a false-negative result. The sensitivity of the RT-PCR depends on which test has been used, the quality of the throat swab and the intensity of viral load.

CT allows evaluation of disease extent at baseline, which may help to predict a poor outcome and the need for ventilation. If supplementary oxygen is needed in patients with limited disease extension, other diagnoses, especially pulmonary embolism, should be suspected and an additional contrast-enhanced CT acquisition may be indicated. Lastly, CT allows for the identification of signs of pulmonary oedema, raising the suspicion of COVID-19 related myocarditis, in which case troponin measurement and echocardiography may be required.

Repeat CTs are indicated in cases with suspected complications (e.g. superinfection, pulmonary embolism). As the transport of patients from the ward to the CT unit is associated with the risk of contamination of other patients and personnel, the indications for repeat scans should be considered carefully. In patients that are recovering, a repeat CT is not necessary.

What protective measures should be taken for the staff? {#Sec4}
=======================================================

The recommendations of the European Centre for Disease Prevention and Control (ECDC) should be followed \[[@CR9]\]. Close collaboration with hospital departments of Infection Control is appropriate; these departments will usually provide hospital-wide guidance on protective measures.

For any health care professional with patient contact it is noted that nail polish, and rings are prohibited, and it is recognised that beards decrease FFP2 mask efficacy.

The minimal personal protective equipment (PPE) includes face masks, goggles (or a face shield), gloves and a long-sleeved gown. The procedure for dressing and undressing has a specific order, and everyone must familiarise themselves with it. The order is: 1) hand wash, 2) don the long-sleeved gown, 3) fix the gown at the back, 4) put on and fix the face mask,5) put on the goggles, 6) put on gloves. The removal of the PPE is done in reverse order. After removing the gloves, a new pair of gloves is recommended to avoid contamination during disrobing. For further instruction see \[[@CR9]\].

When performing a CT, the number of staff in direct contact with the patient should be reduced. If possible, only one technologist should be in direct contact with the patient in the CT room and another technologist should operate the CT scanner. Both technologists should wear masks. The patient should be brought directly into the CT room. The technologist managing patient positioning on the CT table should wear disposable gloves, long-sleeved gown and goggles.

The ECDC recommends that a particular respirator mask (such as EU standard FFP2) should be used when performing aerosol generating procedures. The WHO list of aerosol generating procedures includes tracheal intubation, non-invasive ventilation, manual ventilation prior to intubation and bronchoscopy \[[@CR10]\].

How should imaging departments organise to face the epidemic? {#Sec5}
=============================================================

Procedures {#Sec6}
----------

Non-urgent procedures such as systematic evaluation of chronic diseases and screening procedures (e.g. mammography) should be postponed. Management of general imaging emergencies should be maintained for in- and out-patients, including the evaluation of acute worsening of chronic disease. Imaging activity related to the management of oncologic patients should be maintained, especially the initial diagnosis and staging, including percutaneous biopsies, response evaluation during chemotherapy and other treatments.

Staff {#Sec7}
-----

Direct staff exposure to infected patients should be controlled, such that proper patient care is provided, but nobody is exposed unnecessarily. Thus, staff present in the radiology department should be kept to a minimum, with those who can do so working from home, and others being deployed to areas in the hospital which may need additional staff. Reinforcement of the technologist team for bedside chest radiographs is needed for the management of intensive care patients. More radiologists and technologists are needed for night and weekend shifts and fewer for usual hours.

Trainee radiologists and radiologists not usually involved in chest imaging should be educated to recognise the typical radiologic findings that may be expected in COVID patients.

An inventory of staff skills and training should be maintained, to ensure that staff can be re-deployed as necessary to areas within and outside the radiology dept. where shortages develop, or demand increases.

Spatial organisation {#Sec8}
--------------------

Whenever possible, the imaging department should dedicate a specific area (including waiting space) and specific equipment (CT scanner, plain radiography room etc.) to the evaluation of patients with suspected or confirmed COVID-19, to minimise the risk of contamination of other patients and concentrate the protective material availability.

In some hospitals, the use of a mobile CT unit close to the location where clinical triage is performed at the entrance to the hospital might be considered, depending on the availability of access to standard CT equipment.

Communication {#Sec9}
-------------

Communication with radiology dept. and other hospital staff, such as through a daily newsletter or briefing, is essential to provide the latest information about the workflow depending on the current situation at the hospital. Safety measures should be regularly reinforced and the procedures put in place for staff members suspected of having COVID (and for how they should be replaced to maintain workflow) should be clearly explained. Communication with other departments is also essential to revise and update internal guidelines, as workflows may need to be adjusted to a rapidly changing situation.

Structured report proposal {#Sec10}
==========================

STRUCTURED REPORT PROPOSAL (for lung parenchymal findings in possible COVID) {#Sec11}
----------------------------------------------------------------------------

Unenhanced thin-section chest CT performed for COVID-19 suspicion/initial assessment/follow-up

DLP: (mGy.cm)

Findings {#Sec12}
--------

Presence of (bilateral, diffuse, confluent, patchy) ground glass opacities with /a rounded morphology/a crazy paving pattern/a peripheral distribution without subpleural sparingPresence of ground-glass opacities admixed with perilobular consolidations /linear consolidationPresence\*/Absence of tree-in-bud pattern/centrilobular nodules/endobronchial secretion/lobar or segmental consolidationPresence\*/Absence of adenopathy/significant pleural effusion

### Conclusion {#FPar1}

CT findings (highly/indeterminate/non) suggestive of COVID 19, with limited, moderate, severe disease extent°

\*: if present, suggestive of other infectious disease of superinfection

°: based on visual assessment. A scale (\<10%, 10-25%, 25-50%, 50-75%, \> 75%) may be used.

Other structures such as heart and vasculature, pleura, mediastinum and bony and soft tissues should be evaluated as usual.

When CT findings are typical, recognising and identifying the COVID-19 pattern will enable swifter recognition of COVID patients and aid clinicians to triage these patients. Radiologists must be aware of these findings, and must make the effort to indicate their level of confidence of the presence or absence of typical COVID findings in their reports. Although it may sometimes be necessary to use the "indeterminate" category, this should be avoided as far as possible, as it limits the clinical usefulness of the report.

Conclusion {#Sec13}
==========

The COVID 19 pandemic poses unprecedented challenges for provision and maintenance of radiology services, and for protection of staff and non-infected members of the public. The experiences of those countries which have been earliest affected can help to guide those for whom the peak of infection and disruption comes later. In this paper, we seek to offer simple guidelines for radiologists and radiology departments to assist in meeting the demands of this crisis.
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